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Abstract 
 

At present in Russia the local corrosion failure of equipment is one of the most serious prob-
lems in industry. This results from the increased scope of workload in oil, gas, petrochemical and 
nuclear industries, from considerable aging of the equipment used in these industries, and with 
more rigid requirements for safe operation of the equipment. Implementation of acoustic emis-
sion (AE) monitoring systems is one of the ways for reducing the number of corrosion failures. In 
recent years, we have researched processes of local corrosion formation and propagation using 
the AE method. In this paper, works on pitting corrosion, the most frequently encountered type, 
are described. Experiments for the determination of corrosion pit depth and evaluation of its 
propagation on carbon steel specimens in 1% solution of sulfuric acid are presented. By process-
ing the frequency spectra of AE signals, the ratio of high-frequency S0- and low-frequency A0-
modes of Lamb waves is defined. This ratio and the pit penetration depth are correlated. The 
propagation rate of pitting is evaluated by changes in the number of signals detected per unit time 
with significant S0-mode of Lamb waves. For a 5-mm thick specimen, the frequency dividing two 
modes is 300 kHz. Dependence of the S0-energetic portion on the pitting corrosion development 
is found. 
 
Introduction 
 

Most metals and alloys are susceptible to pitting corrosion. This type of corrosion arises at 
petroleum and gas processing, in seawater, in salt solutions, in cooling systems of refrigerating 
machines, and in recycling water supply systems, etc. The pitting corrosion, which appears dur-
ing operation of process equipment, is a serious hazard and also initiates corrosion of other types, 
for example, corrosion cracking and intergranular corrosion. The Cl–, Br–, I–, CN–, SO4

2– ions are 
stimulating agents for metal pitting corrosion in aquatic environments. Anion activators in vari-
ous amounts are present in the great majority of natural and industrial environment wherein metal 
equipment and structures are used [1]. 

It has been determined that the pitting corrosion is accompanied by the following phenomena: 
electric breakdown of passivating film on metals and alloys, exfoliation and destruction of a sur-
face oxide film on metal by hydrogen escaping beneath the film; gas emission; fluctuations of 
corrosion process associated with chaotic behavior of competitive processes of protective film 
destruction and formation [2, 3]. All these phenomena can generate AE signals. 

Previously, using the numerical simulation and continuous wavelet analysis it has been found 
[4] that for AE signal propagation in a plate the asymmetric (A0-) and symmetric (S0-) modes of 
Lamb waves basically prevail. If the defect is found near the plate center (at a depth of about 
50%) the S0 mode prevails, and if the defect is located near either of two surfaces (at a depth of 
about 0% or about 100%) the A0 mode prevails. In such a case, the maximum values relevant to 
A0- and S0-modes in the wavelet transform fall on different frequencies. 

In this paper we have attempted to study the possibility for application of the described 
method for AE monitoring of pitting corrosion by detecting AE signals relevant to the process of 
corrosion damage penetration, deep into the material. To reproduce the mechanism of damage in 
laboratory, we tested specially prepared specimens made of carbon steel in a 1%-sulfuric acid 
solution. We found the dependence of energy portion of symmetric S0-mode on the stage of pit-
ting corrosion development. 
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Experiment 
 

As practice shows, the process equipment made of steels (such as Russian grades 10, 20, 
09Г2С, 10Г2, 17ГС) can operate in noncorrosive environment (pure petroleum, pure gas). At the 
same time, these steel grades are the most popular in operational practice of the equipment, which 
works in direct contact with corrosive environment that inevitably results in substantial damage 
due to pitting corrosion.  For research we selected a plain carbon steel, 20 (UNS G10200) from 
the above-mentioned steels as the most used. The experimental specimens were fabricated in the 
form of 500 x 50 x 5 mm strips. 

As a corrosive environment, we used a 1%-sulfuric acid solution. The sulfuric acid having the 
SO4

2– ions accelerates the corrosive attacks.  Reaction with sulfuric acid is accompanied by all 
basic processes peculiar to corrosion: 

1. Gas generation (hydrogen): 
• Generation of gas bubbles; 
• Separation of bubbles from metal surface; 
• Bubble destruction after emerging. 

2. Cracking of metallurgic scale formed under rolled stock production; 
3. Corrosion of top layer of basic metal; 
4. Corrosion of subsurface (central part). 
5. Corrosion fracture. 
The experiment was carried out on two specimens. To receive a mainly symmetric mode of 

Lamb wave, on specimen No. 1, a section of size 10 x 1 mm near the end of specimen was sub-
ject to corrosion (Fig. 1). The exposed area was on the side surface of the specimen. To receive a 
mainly asymmetric mode of Lamb wave, on specimen No. 2, a surface area also near the end of 
specimen, 30 x 10 mm, was subject to corrosion (Fig. 2). The exposed area was on the broad sur-
face of the specimen. The specimens were prepared in the following manner. One end of each 
specimen was immersed in molten paraffin and a section was cleaned of paraffin for acid expo-
sure.  

AE signals were recorded by the multichannel AE system, A-Line 32D (PCI-8). On each 
specimen, three sensors were installed (Figs. 1 and 2). The use was made of the broadband sen-
sors GT300 with a range of 100-800 kHz and the broadband sensors GT200 with a range of 30-
500 kHz. Preamplifiers of two frequency ranges of 30-500 kHz and 125-500 kHz were used for 
separating corrosion processes. The experiment was conducted at the following settings of AE 
system: signal pre-amplification of 26 dB, threshold of 35 dB. 

The specimens were placed into separate vessels, which were filled with 1%-sulfuric acid so-
lution. Observation and AE signals recording were carried out for eight days. AE signals wave-
forms and their frequency spectra were used for analysis of corrosion damage. 

 

Fig. 1. Specimen No. 1 with a cut surface for corrosion testing. Sensor No. 1– GT300, Sensors 
Nos. 2 and 3 – GT200. 30-500 kHz preamplifier for Sensors 1 and 3. 125-500 kHz for Sensor 2. 
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Fig. 2. Specimen No. 2 with a cut surface for corrosion testing. Sensor No. 4– GT300, Sensors 
Nos. 5 and 6 – GT200. 30-500 kHz preamplifier for Sensors 4 and 6. 125-500 kHz for Sensor 5. 
 
Experimental Results  
 

For analyzing a large quantity of waveforms, spectral analysis was used instead of the wave-
let transform [4]. This showed that signals could be divided into two groups:  low-frequency (30-
200 kHz) and high-frequency (300-500 kHz) groups. The analysis in more detail was made for 
data obtained from sensors No. 3 and No. 6, which had the higher sensitivity than sensors No. 1 
and No. 4, and the wider frequency range than sensors No. 2 and No. 5. 

The AE signals with a high-frequency component were present on the specimen No. 1 during 
the entire experiment (Fig. 3а). In this case their quantity increased as the corrosion damage 
penetrated deep into the specimen. In addition, the quantity of signals also increased, and their 
energy was concentrated at the high-frequency area only. These may be supposed to arrive from 
the 50% depth (Fig. 3b).  Figure 4 shows the section of specimen No. 1 with corrosion damage. 

 

  
 

 
 

Fig. 3. AE signals with high-frequency component. 
 
The experiment with the specimen No. 2 can be divided into three stages. The first stage 

lasted approximately two hours and was accompanied by a significant amount of AE signals 
(about 50%) with a high-frequency component. By observation, it was determined that these sig-
nals were initiated by cracking and exfoliation of metallurgical scale on the specimen surface. 

The next stage followed and is characterized by an increase in the total quantity of signals by 
more than two orders of magnitude and by total absence of signals with high-frequency compo-
nent. The second stage lasted approximately three days. 

a) b) 
100 200 400 300 кГц 0 100 200 400 300 кГц 0 

High-frequency 
component AE signal arrived 
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Fig. 4. Cut views of specimen No. 1 with corrosion damage. 
 

In the third stage a nucleation of pitting corrosion took place. This stage is characterized by a 
high-frequency component again appearing in AE signals; in this case, as the defect grew, both 
the quantity of high-frequency signals and the characteristic portion of high-frequency compo-
nent were increased. Figure 5 illustrates the rise of AE signals with high-frequency component as 
the defect propagation continues. As the specimen wall thickness is 5 mm, the maximum depth of 
defect was 2 mm, while the maximum portion of signal energy within the range of 300-500 kHz 
amounted to 91% (Fig. 5d). Figure 6 presents the cut views of specimen No. 2 with corrosion 
damage. 

Amplitudes of all AE signals with a high-frequency component on the specimens No. 1 and 
No. 2 fell within the range of 36-46 dB. 
 

 
Fig. 5. Increase of the high-frequency component of AE signals with pitting propagation. 

4mm 

cut surface 
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Fig. 6. Cut views of specimen No. 2 with corrosion damage. 
 

The obtained results are in agreement with results of the finite-element modeling [4]. In this 
paper a source located at the plate center emitted mainly the symmetric mode with maximum on 
wavelet at the frequency of 522 kHz, and as the source moved closer to the plate surface, the 
symmetric mode energy decreased, and the most portion of energy was carried in the asymmetric 
mode with maximum on wavelet at the frequency of 50 kHz. 

 
Conclusion 

 
The experimental results have shown that the high-frequency component of AE signals con-

tains information both on destruction of oxide film on the specimen surface and on penetration of 
pitting corrosion deep into the material. At oxide film destruction the AE signals always had, be-
sides the high-frequency component, the low-frequency component.  

 When pitting corrosion penetrated deep in the material, the AE signals with low-frequency 
component progressively decreased, while the high-frequency component progressively in-
creased. Presumably, AE signals having only the high-frequency component arrived from the 
50% depth.  Thus, it is possible to judge that the AE method is capable of determining the pene-
tration depth of pitting corrosion and evaluating its propagation rate. 

It is expected that by analyzing the high-frequency component of AE signals, it is possible to 
determine other types of local corrosion damages, such as: stress corrosion cracking, intergranu-
lar (transgranular) corrosion, etc. 
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